MicroRNAs (miRNAs) as small and endogenous noncoding RNAs regulate gene expression by repressing mRNA translation or decreasing stability of mRNAs and has proven key roles in different types of cancers. Accumulating evidences indicate the role of microRNAs in a wide range of biological process from oncogenesis and tumor suppressors to participate in tumor development. Lung cancer specially non-small cell lung cancer is a frequently encountered challenging type of cancer, therefore exploring interactions among underlying biological units such as miRNA and their targets may be leads to identifying predominant clues involved in this malignancy. In this study differentially expressed miRNAs as an output of miARma-Seq tool from which 5 miRNA had experimentally validated targets in miRTarBase database were identified. Also transcription factors which enriched as regulators of them and biological process whereby these targets involved in were explored. Finally regulatory network of the rest of differentially expressed miRNAs was seek from MicroCosm and TargetScan. As a result we noticed that the most of target genes and transcription factors had direct relationship with lung cancer that might be imply on a strong conservation in a triangle of miRNA, target genes and a specific disease. These findings could be a potential bridge between miRNAs and non-small cell lung cancer invasive manner.
Introduction
Identifying biological regulators like miRNAs underlying cancers is a crucial step towards cancer diagnosis as well as treatment. Nowadays data mining approaches is a prominent strategy for extracting meaningful information from a growing wealth of biological data such as gene expression profiles (1) . Biological networks are mostly inferred by transcriptomics profiles such as microarrays and next generation sequencing (NGS) platforms that microarrays has been used intensively (2) . Rapid advances in NGS techniques has deviated the massive employment of microarrays as the main expression platform to sequencing data because of fast improvement of its depth and quality (3) . In addition to a lower sensitivity because of unavoidable noise coming from the nature of microarrays, NGS techniques offers several advantages over microarrays (2, 4) . These techniques doesn't depend on genomic pre-
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knowledge for transcriptome analysis and can be utilized for model and non-model organisms (5) . While microarrays can cover only the characterized parts of genome, NGS platforms are able to identify about whole of the transcripts (6) . Therefore, detecting the novel transcripts and variant splicing are another capabilities of NGS profiling techniques (7, 8) .
Lung cancer is a worldwide cancer killer even for early-stage cancers (9) that can be grouped in two major forms; non-small cell lung cancer (NSCLC ≈85% of all lung cancers) and small-cell lung cancer (SCLC ≈15%). In spite of conducting a great deal of researches to elucidate the molecular process that promote the lung normal cells toward tumors, the rate and average years of survival did not change considerably over decades. miRNAs are small noncoding RNAs that function by regulating target gene expression post-transcriptionally (10) . Because of the well documented roles of microRNAs in the initiation and progression of lung cancer, this study was mainly done in order to studying miRNA-target networks underlying lung cancer using publicly available datasets and analysis tools. We attempted to construct and enrich a network of miRNA-target for the identification of potential critical genes and process and gain more insights involved in this malignancy.
Materials and Methods
Datasets used and pre-processing GEO Series GSE64859 from NCBI Gene Expression Omnibus (GEO) database was downloaded. The data were containing a total of 10 samples of miRNA-Seq from Homo sapiens; four primary lung adenocarcinomas with lymph node metastasis (N1+ stage) and six primary lung adenocarcinomas without lymph node metastasis (N0 stage). Firstly SRA files were converted to standard FASTQ format using sratoolkit.2.5.2 (11). The Raw data in FASTQ format were fed in miARma-Seq pipeline, a comprehensive tool for miRNA, mRNA and circRNA analysis (12) . Also Bowtie1 indexes for homo sapience genome from iGenomes database was downloaded (13). The output of miARma-Seq tool was differentially expressed miRNAs between N0 stage and N1+ stage samples from which only changes expression of miRNAs level above the defined threshold was considered (absolute Log2FC ≧ 2 and with pvalue < 0.01). Finally miRBase accession of selected miRNAs from miRBase database was extracted.
miRNA-target network construction
For reconstructing and analyzing regulatory interactions in non-small cell lung cancer based on involved microRNAs, target genes and transcription factors, 14 differentially expressed miRNAs and corresponding miRBase accession numbers in Cytoscape 3.3.1 as a network was uploaded. Then miRNA-target networks for Homo sapiens. xgmml format from miRTarBase database, that curates experimentally validated microRNA-target interactions and TargetScan, MicroCosm and, databases for prediction of microRNA targets was downloaded.
For expanding of this networks with provided information from mentioned databases, CyTargetLinker plugin was used (14) . This Cytoscape app can enhance networks using predefined information from provided resources as "Regulatory Interaction Networks" (RegINs). Hereafter networks were analyzed for finding master regulators by iRegulon Cytoscape plugin (15) and finally annotation of targets was performed by BiNGO plugin (16) and clusters were visualized by Enrichment map Cytoscape plugin.
Results

Lung cancer miRNA-target network
Using miARma-Seq tool differentially expressed miRNAs from lung cancer miRNA-Seq were extracted. This tool firstly uses Cutadapt or Reaper to filter raw data for any adapter contamination or low quality reads, Bowtie1, Bowtie2 and miRDeep for read alignment in miRNAs analysis, feature Counts to summarize the mapped reads into genomic features and NOISeq or edgeR for differential analysis. Among these modules analyses were performed by Cutadapt (17), Bowtie1 (18) , miRDeep (19) , featureCounts (20) and edgeR (21) respectively. Cutadapt was selected because of efficacy, convenience and flexibility in changing parameter for reads pre-processing. Bowtie1 is more recommended than bowtie2 for mapping short reads from sRNA-Seq therefore, Bowtie1 pre-built genome indexes for human hg19 genome was used in this study. In brief miARma-Seq tool conducts adapter removal, alignment against reference genome by Bowtie1, the identification of miRNAs by miRDeep, summarizing the mapped reads and finally differential expression analysis. T he output of differential expression analysis using edgeR was 499 differential expressed miRNAs between N0 stage and N1 + stage from which 14 strongly differentially expressed miRNAs (absolute Log2FC ≧ 2 and with p-value < 0.01) (supplementary file) were extracted. The goal of this study was extending a network containing these miRNAs and their verified or predicted targets. Finally a miRNA-target network by CyTargetLinker was constructed. CyTargetLinker is able to enrich biological networks using provided information in frame of regulatory interaction networks Or RegIN. RegIN is a network in XGMML format containing regulatory interactions. The networks were improved with miRTarBase (22), TargetScan (23) and MicroCosm (24). From 14 differentially expressed miRNAs only hsa-miR-373-3p, hsa-miR-31-5p, hsa-miR-34b-5p, hsa-miR-224-5p and hsa-miR-363-3p had totally 131 experimentally verified targets in miRTarBase (Table 1) . A network of these 5 miRNAs and their targets with default threshold presented in Figure  1 . In the next step GO annotation of the targets of each miRNA separately and noticed interesting terms related to clinical problem such as lung cancer (table 2) was performed. Furthermore the most probable transcription factors that governing the expression of 131 target genes were seek by iRegulon app whereby SIN3A as a Master regulator and 23 other transcription factors enriched as match regulators at the motifs located in upstream of mentioned target genes MIMAT0000707 regulation of actin filament length, regulation of actin polymerization or depolymerisation, heterophilic cell-cell adhesion, regulation of actin filament-based process hsa-miR-34b-5p MIMAT0000685 response to drug, regulation of homeostatic process, regulation of cell cycle hsa-miR-224-5p MIMAT0000281 regulation of phosphorus metabolic process, regulation of protein amino acid phosphorylation, regulation of acetylcholine metabolic Has-miR-363-3p MIMAT0000089 process response to hyperoxia, G1/S DNA damage checkpoint, response to corticosterone stimulus (Table 3) were found. 9 miRNAs from 14 differentially expressed miRNAs did not have experimentally verified targets in miRTarBase therefore a network using MicroCosm and TargetScan RegINs with setting overlap threshold function in 1 ( Figure 3 ) was constructed. From these 9 miRNAs, hsa-miR-224-3p did not have any predicted target neither in MicroCosm nor in TargetScan. The rest of miRNAs had predicted targets in TargetScan or MicroCosm or both of databases. However an overlap of targets derived from TargetScan and MicroCosm was illustrated in Figure 4 .
Discussion
Network biology by representing the molecular interactions underlying biological processes pave the path of drug discovery and cancer therapeutics. . MicroRNAs as mostly 19 to 25 nucleotide-long non coding RNA biological units with low complexity, high stability and easy detection that regulate the gene expression at the level of mRNA degradation and translation (10) . Because of the fact that they play fundamental role in development and differentiation and involvement in the biological mechanisms underlying tumorigenesis, could be promising hallmarks in cancers both in tissue-or blood-based types of Cancers. Lung cancerrelated mortality rate is still the most common cause of cancer death worldwide therefore detecting biological clues of the initiation and development of the malignancy are the challenging topics in cancer biology (41) . In order to enlightening more molecular underpinnings of the disease, miRNA-Seq data as a promising expression profiling platform to recognize differentially expressed miRNAs among two crucial steps in lung cancer progression was selected. NGS platforms like miRNA-Seq, a relatively novel platform for expression profiling, allows us to study miRNAs with more precise Table 2 . List of the most putative transcription factors which regulate the expression of a RegIN of 5 strongly differentially expressed miRNAs target genes between N0 and N1+ stages non-small cell lung cancer.
Transcription factor Description SIN3A
Reducing Sin3 levels increased invasiveness of human lung adenocarcinoma cell (25) . Sox21
Sox21 level were elevated in small cell lung cancer (26) . Sox18
MicroRNAs modulate the expression of the SOX18 transcript in lung carcinoma (27) .
Sox7
SOX7 behaves as a tumor suppressor in lung tissue and its expression is either low or silenced in the majority of lung cancers (28). TFDP1 TFDP1 plays pivotal roles in lung cancer tumorigenesis (29) .
CEBPG CEBPG Exhibits Allele-Specific Expression in Human Bronchial Epithelial Cells (30).
CEBPD C/EBP-δ in promotes lymphangiogenesis and lung metastasis through regulation of VEGFR3 signaling (31). SCRT1 SCRT1 overexpressed in lung cancer (32).
FOXN4
Foxn4 plays an essential role in the specification of the atrioventricular canal and is indirectly required for patterning the distal airway during lung development (33) . EMX2 EMX2 Is a Predictive Marker for Adjuvant Chemotherapy in Lung Squamous Cell Carcinomas (34) .
ATF3
Association between the ATF3 gene and non-small cell lung cancer (35) .
TFEB Increased expression of transcription factor EB (TFEB) is associated with autophagy, migratory phenotype and poor prognosis in non-small cell lung cancer (36).
ARNT ARNT may play a positive role during tumor growth (37).
ARNT2
ARNT2 is downregulated and serves as a potential tumor suppressor gene in non-small cell lung cancer (38) . max Inactivation of the MAX dimerization protein, MGA, was also observed in both non-small cell lung cancer (39) . ARNTL ARNTL found to be a potential tumor suppressor in ovarian cancer (40 compared to microarrays. In addition to many capabilities of NGS technologies this platforms do not suffer from Microarray specific bottlenecks such as background noises arise from cross or nospecific hybridization and incorrect annotation of probes (42) . In this study miARma-Seq as a comprehensive pipeline for performing miRNA-Seq was used. Subsequently 14 differentially expressed miRNAs were extracted. Next a miRNA-target network via CyTargetLinker plugin 5 miRNAs with confirmed targets in miRTarBase were constructed ( Figure  1 ). CyTargetLinker provides a flexible framework to integrate different regulatory interactions into MIMAT0009198 -desired networks and deciphering the role of critical players in cellular machinery such as miRNAs (14) . Ontology analysis of the 131 miRNA targets from miRTarBase in biological process (table 1) showed many interesting terms related to lung cancer prognostics. Genes targeted by hsa-miR-373-3p which its expression changed in lung cancer (43) were classified in GO terms such as blood vessel maturation. (44) Proved the role of blood vessel proliferation in non-small cell lung cancer. This miRNA was down-regulated toward N1+ stage and might be the loss of its control over genes such as CD44 leads to tumor angiogenesis. CD44 has documented role in angiogenesis (45) . Furthermore losing control over spindle regulation is a hallmark of cancers (46) that can be assign to deregulation of hsa-miR-373-3p fallowed by tumor invasion.
The up regulation of has-miR-31-5p could negatively influence the expression of CXCL12 as a mediator in actin polymerization and fallowing tumor growth (47) . This miRNA controls cell cycle at G2/M phase and its knockdown induced a cell cycle arrest at G2/M phase (48) . On the other hand up regulation of this miRNA might be inhibit the expression of CAM1 a tumor suppressor involved in controlling cell-cell interaction (49) .
Down regulation of hsamiR-34b-5p likely to be followed by losing control over cell cycle check points and increasing of cell growth due to up regulation of genes such as CDK6 and CDK4 (50) .
The association between expression of hsamir-224-5p and the original cisplatin resistance of ovarian papillary serous carcinoma (51) and chemo-resistance to cisplatin in lung cancer has been proved (52) . Targets of this miRNA were mostly classified in phosphorus and acetylcholine metabolic process. Intensives researches has showed the involvement of acetylcholine regulation process in lung cancer (53, 54) . Phosphorus plays a crucial role in different biological processes from phosphate pathway to energy metabolism and bone mineralization and enriching the targets of has-mir-224-5p in terms such as regulation of phosphorylation and regulation of phosphate metabolic process could be a crosstalk between this miRNA and process such as hypoxia in cancer cells metabolism. Among the targets of hsa-mir-363-3P, 3P known as a biomarker being overexpressed in hepatocellular carcinoma (57), we noticed CDKN1A a highly conserved gene involved in tumorigenicity in lung cells (55) . CDKN1A involves in several of biological process from G1/S DNA damage checkpoint and Ras protein signal transduction to response to hyperoxia. PDPN was another target of hsa-mir-363-3P a gene that enhances tumor progression in different types of cancer (56) and also classified in term mostly related to lung development for example lymph angiogenesis and cell shape. In the next step the motifs located at the up-stream of 131 target genes from miRTarBase to detect the potential regulators of these genes were examined. Totally 24 transcription factors were detected from which FOXN1, FOXH1, EMX1, USF1 TFE3, SREBF2 and TFEC found with a lack of verified role in lung cancer (table 2) and could be putative targets for future researches in field of crosstalk between transcription factors and miRNAs in this disease. The most of detected transcription factors were involved in ling cancer from which Sina3 is Known as a player in lung adenocarcinoma cells invasiveness. Finally a common list of genes between 1615 genes from TargetScan and 1917 genes from MicroCosm in biological terms were classified (Figure 4 ). The most of these genes classified as negative or positive regulators of several of biological process such as nitrogen compound metabolic process.
In the present study we selected miRNA-Seq data over microarray as our selected miRNA profiling platform. our our reason for selecting NGS data are that: I) these technique provides for more sensitive detection of transcripts, that likely to be the reason of the ability of NGS data for detecting low expressed genes while microarrays fail to differentiate between very low expressed and Non-expressed genes (58), II) Accurate measurement of the dynamic range of low and highly expressed genes (60) and III) giving a better resolution of relationship between biological units .especially for profiling small RNA molecules in which short reads should pass from adapter removal filter. However two technologies should not be considered as competitors and can overlap each other in transcriptome analysis (59) Despite of well demonstrated roles of miRNAs in regulating multiples target genes involved in different oncogenic pathways in lung cancer we should be cautious about the fact that each miRNA could potentially target hundreds of messenger RNAs. Therefore we need a deeper understanding of miRNA biology and undeniable role of experimental practices to improve fidelity of bioinformatics results. Furthermore evidently from ontology analysis, target genes barely could provide a clear biological clue thereby research works toward validating miRNA sites within mRNAs will decrease the ambiguity in defining regulatory interactions among miRNA-target.
Also in sum we noticed that most of miRNAs targets and transcription factors related to lung cancer specially cell cycle process that may imply on a conservative relationship between miRNAs and their targets with a specific pathway. Additionally the role of miRNAs in regulating cell cycle specially G2/M phase in lung cancer.
Conclusion
The availability of Massive and complex genome-wide gene expression data produced by High-throughput technologies has facilitated the generation of regulatory networks by which we are able to understand how biological elements including miRNA and their targets are connected and operate within intricate networks underlying cancers. Using miRNA-Seq data and in the frame of accurate data mining approaches we identified a small number of miRNAs, potential targets and transcription factors whose interplays may play role in lung cancer progression.
